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(54) Gasification apparatus 

(57) A combined fluidised bed FB and 
fixed bed UB gasifier in which the fixed 
bed gasifier is arranged in the path of 
the effluent gases from the fluidised 
bed gasifier. The fixed bed fuel (coal) 
acts as a filter for the entrained 
particles, char, ash etc. from the 
fluidised bed and in return the effluent 
gases devolatilise the fixed bed fuel. 
The latter is thus broken down and falls, 
or is driven, into the fluidised bed. The 
fixed bed UB may be arranged either 
directly above the fluidised bed FB or 
(Figure S) in an adjacent duct (27) from 
which it has to be driven up before 
falling into the fluidised bed. 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Gasification apparatus 

5 The present invention relates to gasifiers in which 
a hydrocarbon fuel in solid or liquid form is con- 
verted into a combustible fuel gas. The principal 
combustible product is usually carbon monoxide 
together with hydrogen and some methane and 

10 higher hydrocarbons. The best known example of 
gasification technology is in the gasification of 
coal. The most well established gas technique i.e. 
fixed bed gasification, suffers from a number of 
drawbacks, principally the requirement for a 

15 graded size of coal feed and limitations on 'swell- 
ing number', gas content and ash fusion tempera- 
ture. A 'fixed bed' gasifier is one in which the fuel 
bed is relatively stable. It is not, of course, abso- 
lutely 'fixed' since the fuel subsides in the gasifica- 

20 tion process. A 'fluidised bed' in contrast, is one in 
which the oxygenating gas/air flow rate is high, the 
fuel particles are of limited size, and they are kept 
in effectively constant fluid motion. The basic dif- 
ference is therefore the size of the fuel particles 

25 and the gas flow rate through the bed. 

Fixed bed gasifier units also tend to be high 
(working section height 10m). and they produce a 
gas with a considerable burden of tar and oil 
which requires to be removed for many purposes. 

30 A fluidised bed gasifier produces a gas without 
tars and oils and can tolerate a wide range of feed- 
stock size (after an initial crushing below a particu- 
lar top size), ash content and ash fusion 
temperature. It also allows the use of lime or do- 

35 lomite in the bed as a sorbent for sulphur. How- 
ever, it still suffers from a tendency for 
defluidization to occur with caking coals and a con- 
siderable quantity of fine material may be ejected 
from the bed, leading to a requirement for a high 

40 freeboard above the bed in order to consume 
these particles by reaction. 

An object of the present invention is to provide 
gasification apparatus which at least partially 
avoids the disadvantages of both fixed and flui- 

45 dised beds. 

According to the present invention, gasification 
apparatus comprises a fixed bed gasifier arranged 
in the path of hot exhaust gases from a fluidised 
bed gasifier whereby solid fuel in the fixed bed 

50 gasifier acts as a filter for the gases and, on partial 
devolatilisation, falls into the fluidised bed gasifier 
to feed it. The invention thus incorporates features 
of both fixed and fluidised beds in a reciprocally 
advantageous manner. 

55 By locating the fixed bed in the path of the ex- 
haust from the fluidised bed, the fixed bed fuel 
(typically coal) is devolatilised so that no caking 
tendency (which might defluidise the fluidised bed) 
is left in the fuel which falls through the grate. 

60 The fixed bed gasifier may be arranged above 
the fluidised bed gasifier so that fuel from the fixed 
bed gasifier is urged towards the fluidised bed 
gasifier by gravity. 
Alternatively the gas path from the fluidised bed 

65 gasifier to the fixed bed gasifier may have an up- 



ward portion from the fluidised bed gasifier and a 
downward portion through the fixed bed gasifier, 
means being provided for driving solid fuel in the 
fixed bed gasifier upwards to a point a! which it 

70 can fall into the fluidised bed gasifier. In this case 
the fixed bed gasifier may be contained within an 
inclined container, the angle of inclination of the 
container being such, in conjunction with the na- 
ture of the fuel in the fixed bed gasifier in opera- 

75 tion, that the fuel in the fixed bed gasifier 
maintains its position in the container against 
gravity. The apparatus may then include a ram ar- 
ranged to drive fuel in the fixed bed gasifier up the 
inclined container, and to retract and allow the ad- 

80 mission of fresh fuel between the ram and the ex- 
isting bed fuel. 

The fixed bed gasifier may comprise a main gas 
output at an intermediate position in the gas path 
and an output for volatile-rich gases at the end of 

85 the gas path. There may be means for recycling 
the volatile-rich gases to the fluidised bed gasifier. 

The gas path from the fluidised bed gasifier may 
separate into a main path through the initial pant of 
the fixed bed gasifier to the gas output at the inter- 

90 mediate position in the fixed bed, and a diversion 
path around this initial part of the fixed bed gasi- 
fier to a re-entry position after the intermediate po- 
sition. 

In the case where the fixed bed gasifier is verti- 
95 caliy above the fluidised bed gasifier the fixed bed 
gasifier may incorporate a grate which in use sup- 
ports a bed of solid fuel, the grate having aper- 
tures of controllable size. The grate may also be 
adapted to feed fuel positively through the aper- 

100 tures. The grate may comprise a plurality of co-op- 
erating grate members, one or more of which 
grate members comprises at least two relatively in- 
clined grids, and is rotatable about an axis lying in 
the plane of the grate so as to position one or 

105 other of the grids substantially in the plane of the 
grate and to positively feed fuel by engagement of 
the grid lying out of the plane of the grate with the 
fuel. 

Each grid may comprise two or more sets of 
110 spaced rods the rod spacings being different so as 
to define different sized grate apertures according 
to which set lies in the plane of the grate. 

According to another aspect of the invention, a 
gasification system may incorporate apparatus as 
115 aforesaid, and a separator arranged to feed fuel of 
relatively coarse particle size to the fixed bed gasi- 
fier and to feed fuel of relatively fine particle size 
to the fluidised bed gasifier. The system may also 
comprise a reaction vessel arranged to devolatilise 
120 fuel and feed devolatilised fuel to the separator. 

The gasifier may function at atmospheric or ele- 
vated pressure. 

Various embodiments of the invention will now 
be described, by way of example, with reference to 
125 the accompanying drawings, of which; 

figure 1 is a diagrammatic sectional elevation of 
gasification apparatus in accordance with the in- 
vention; 

Figures 2(a) and 2(b) are plan views showing in - 
130 more detail the grate in the'gasifier of Figure 1; 
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Figure 3 is a diagrammatic representation of a 
gasification system in accordance with the inven- 
tion; 

figure 4 is a diagrammatic sectional view of a 
5 modification of the gasification apparatus of Figure 
I ; and 

Figure 5 is a diagrammatic sectional view of al- 
ternative apparatus according to the invention. 
Referring to Figure 1, the gasifier shown com- 

10 prises a fluidised bed FB of burning coal and coke 
above which is supported an upper, fixed, bed UB 
of coal on a stainless steel feed grate 6. The gasi- 
fier is lined with refractory material R at its high 
temperature sections, as is conventional. The fixed 

15 bed is fed with coal at an inlet 14 and a tempera- 
ture distribution is maintained by the hot exhaust 
gases from the fluidised bed FB such that the tem- 
perature of the fixed bed decreases gradually with 
height from a maximum of approximately 1000°C 

20 at its base. Fluidised bed FB is fed with fine coal 
from a secondary inlet 5 and with coke (formed by 
devolatilisation of the coal in bed UB) via feed 
grate 6, as will subsequently be described in more 
detail. The gravity feed of co'ke from the fixed bed 

25 is contrasted with an alternative transport arrange- 
ment to be described with reference to Figure 5. 
The gasifier operates as follows. 
Initially air, or an alternative oxygen-containing 
gaseous medium, is injected into a bed FB which 

30 comprises a mixture of ash and sand, and/or a sor- 
bent for H ; S, if required, such as limestone, 
through a distributor 2, and fluidises the bed. Pro- 
pane admitted at inlet 3 via valve V2 is ignited in 
the bed by an overbed torch (not shown) for initial 

35 warm-up purposes. The exhaust gases exit initially 
through a bypass outlet 4. Small coal, of particle 
diameter less than 12mm in this particular embodi- 
ment is then substituted for propane, entering the 
fluidised bed at inlet 5. Larger coal, in this embodi- 

40 ment sized between 12mm and 20mm, is sup- 
ported in the fixed upper bed U8 by feed grate 6 
which is cooled initially by air flow through the 
hollow grate bars, as will be explained further. 
Subsequently, product gas from outlet 9 (in con- 

45 junction with steam if required) is used to cool the 
grate. Additional cooling is provided as required by 
injection of overbed steam at inlet 8, ensuring that 
.the temperature immediately above grate 6 is be- 
low that required for ignition of coal. In this way, 

50 the only effect of interstitial oxygen and any con- 
vective updraught through the upper bed, in the 
initial regime of fluidised bed coal combustion with 
excess fluidisation air from inlet 1, is to pre-oxidize 
the coal in bed UB, inhibiting any caking tendency. 

55 The feed rate of coal via inlet 5 is increased, with 
cooling as necessary via steam from inlet 7, until 
. the oxygen content in the effluent gases from the 
fluidised bed, i.e. the 'off-gas', is too low to permit 
combustion to occur in bed U8. 

60 Gasification is then initiated by diverting flow 
through bed UB by closing bypass 4, and feeding 
coal from lhis bed by operation of the grate 6, as 
will be described with reference to Figure 2. Coal 
feed through inlet 5 and through grate 6 can be 

65 performed in parallel. Steam is admitted into the 



fluidised bed at 7 as required and reacts with the 
coal in the fluidised bed to generate carbon mon- 
oxide and hydrogen. Secondary air may be admit- 
ted at inlet 8. The running condition corresponds 
70 to a ratio of total air to total coal in which the pro- 
portion of air is abuut 20% of that required for a 
stoichiometric ratio. Gaseous exhaust from the flui- 
dised bed section passes via grate S through the 
lower half of bed UB and is then divided into two 
75 streams; one stream passes directly through the 
bed to exit at fuel gas outlet 9, and the other 
passes through apertures 10 in the bed wall and 
exits at 11, where it is fed to an engine or process 
plant, or can be diverted through an annular pas- 
80 sage 12 to promote heat transfer from the gas 
stream, through the inner wall, to the top half of 
the fixed bed, the gas stream then exiting at 13. 
Coal is supplied to bed UB at inlet 14 at a rate suf- 
ficient to maintain a constant level. 
85 The hot fluidised bed off-gases devolatilise coal 
in the fixed bed UB, thereby destroying its caking 
properties, which would otherwise cause defluidi- 
sation of the fluidised bed when this coal was 
dropped into it. The fixed bed also acts reciprocally 
90 to condition the fiuidised bed effluent gases by act- 
ing as a filter and removing the large quantities of 
char and ash carried over, and contributes to some 
additional carbon monoxide formation by reaction 
of CO z in the fluidised bed off-gases with carbori. 
95 The upward velocity through bed UB is sufficiently 
high to ensure good inertial collection efficiency, 
and the sticky porous surface of coal in various 
stages of conversion to char or coke promotes 
high particle retention efficiencies. The gas velocity 

100 in the fixed bed UB depends upon the change in 
area between the fiuidised and fixed beds. In addi- 
tion, the surface coatings of the larger coal/coke 
particles in the upper bed with small non-caking 
char and ash particles from the fluidised bed may 

105 reduce the tendency of these larger particles to ag- 
glomerate and hence to interfere with the down- 
ward flow of coal in the upper bed. The material, 
char, ash etc, ejected from the fluidised bed is re- 
turned with the large feed coal through the grate, 

110 and ash is rejected at 15. The top gas stream exit- 
ing at 9 is a significant exhaust component, and is 
rich in heavy volatiles and tars. This may be rein- 
jected into the fluidised bed at 3 to crack these 
components into lighter gaseous components. The 

115 fluidised bed is run with a lower dense region at 
the distributor at a temperature of about SOO'C. 
The injection of secondary air or a hot oxygen-con- 
taining exhaust stream at inlet 8 creates a zone of 
high temperature and high velocity in which there 

120 is a high concentration of suspended fuel particles, 
resulting in increased gasification rates. Such a 
high-temperature zone also contributes to in- 
creased gasification by carbon monoxide and hy- 
drogen formation in the fixed bed UB. 

125 The fuel gas produced in the gasifier is fed to an 
engine or a process plant via outlet 11 and/or out- 
let 13. 

The gasifier of Figure 1 has the following advan- 
tages; 

130 (i) The use of a fluidised bed means that sulphur 
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retention is possible in the bed using limestone 
dolomite. 

(ii'FTotal use can be made of coal wit.hf.-ji having 
to select only a particular size grade Oual require- 
5 ments for the upper bed UB can h-; screened out in 
situ, and the fines and undersize .material used in 
the fluidised bed. 

(iii) The filtering effect of h.-.d UB greatly reduces 
the problem of fluidised b.-J carry-over, without 

10 the need for a large frecoo3rd to ensure adequate 
solids residence time. 

Figure 2 shows in more detail a part of the feed 
grate of Figure t. Grate 6 comprises a plurality of 
adjacent elongate grate members 17 lying parallel 

15 in the plane of the grate, three of these grate 
members being shown in Figure 2. In Figure 2(b) 
the grate members are shown rotated by 90° rela- 
tive to those in Figure 2(a). Each grate member 17 
comprises a stainless steel main tube 18 which 

20 communicates with a bypass tube 19. Coolant gas 
(air and/or steam and/or product-gas from outlet 9) 
is passed through the tubes as shown. 

Each grate member 17 is provided -with two sets 
of inconel cross rods lying in rps^ective psrpendic- 

25 ular planes; namely one set -2, b, c, d, e, f, g lying 
in the plane of the drawu-.g in Figure 2(a) and an- 
other set (h and i on the two outer grate members 
and h, j, i, k on the central grate member) lying 
perpendicular to this plane. Thus each set of cross 

30 rods forms a grid which with the adjacent grate 
members defines a set of grate apertures whose 
size is determined by the length and spacing of the 
cross rods. The central grate member 17 shown in 
Figure 2 differs from the two outer grate members 

35 in that additional cross rods j, k of twice the usual 
length are provided in one set, as can best be seen 
in part h). 

On rotation of the grate members 17 in, say the 
anticlockwise direction as shown, the upwardly 

40 projecting ends of the cross rods h, i. j. k rake the 
fuel supported on the grid and positively feed it 
through the larger apertures being formed as the 
cross-rods a to g swing out of the plane of the 
grate. Apertures of intermediate size can be 

45 formed by rotating the grate members by less than 
90°. Thus fuel can be positively fed through the 
grate by rotating the grate members by approxi- 
mately 90° or the fuel can be merely allowed to fall 
through the grate at a controlled rate by a suitable 

50 intermediate rotation of the grate members. It will 
be appreciated that as the coal in the fixed bed U8 
of Figure 1 devolatilises, the larger lumps of coal 
split and break up into smaller sizes which can 
then fall through the grate. 

55 Figure 3 shows a gasification system comprising 
a gasifier A substantially as shown in Figure 1. The 
system utilises coal fed into a hooper H and air fed 
into gasifier A (at the fluidisation inlet 1) and into a 
reaction vessel D to generate combustible gas at 

60 outlet 11. The combustible gas, which consists 
mainly of carbon monoxide, hydrogen, methane 
and nitrogen, may be fed to an engine or to a 
process plant for example. A volatile-rich outlet 
stream of gas from gasifier A is drawn through a 

65 line 29 into an auxiliary air supply for vessel D 



through a venturi at B. This gas is ignited and 
burns stoichiometrically in a combustion chamber 
C. The hot, oxygen free exhaust gases from com- 
bustion chamber C vent into the conical base of 

70 the reaction vessel D. Coarsely crushed feed coal 
fed into vessel D via a hopper H forms a vigor- 
ously spouted bed in the vessel 0. Drying and de- 
volatilisation of the coal by rapid heating takes 
place here, and the vigorous recirculation within 

75 the reaction vessel, caused by spouted entry of 
fuel and gases, discourages agglomeration of the 
coal as it passes through the plastic regime. The 
path through vessel O contracts into a transport 
line 20 through which the devolatilised coal is con- 

80 veyed upwards into a cyclone separator E. The de- 
sign of the cyclone separator is such that the 
oversize 'cut' (i.e. the proportion of material of size 
greater than the separation level) rejected to the 
gasifier via feed line 22 is of the particle size range 

85 required for the fixed bed UB of gasifier A. The up- 
per limit of this size range is fixed by the initial 
coal crushing. The complementary undersize 
stream containing the undersize particles (con- 
veyed by a mixture of exhaust gases and voiatiies) 

90 is injected into the base of gasifier A as a central 
spout (i.e. by way of a spout or nozzle entering the 
bed) via line 28, the secondary coal input 5 of Fig- 
ure 1 being dispensed with. Feed grate 6 is in- 
cluded in a loop 24, (comprising grate 6, path 24, 

95 valve V3, gas entry 3, fluidised bed FB, fixed bed 
UB, product gas exit 9 and grate 6,) controlled by 
valves V1 and V3, and is cooled by circulation of 
product-gas through this loop. Additional cooling 
may be provided by injecting steam or air at inlet 
100 23. 

This extended system provides the following ad- 
ditional advantages: 

(i) The ability to make full use of swelling coal 
without need for mechanical agitators to prevent 

105 seizing in the upper bed UB of the gasifier. 

(ii) The need for minimal solids treatment and 
handling. The reduction to a coarse top size can be 
achieved by a simple sized reduction without need 
for grading, and the coal is pneumatically trans- 

110 ported by a process gas stream for most of its pas- 
sage. 

A suitably sized sulphur sorbent (i.e. limestone) 
can be supplied with the feed coal if required. The 
particle size of this should be fine enough to en- 

1 15 sure transport into the fluidised bed FS. The gener- 
ation of fines in handling and transport is 
irrelevant as their ultimate destination is the flui- 
dised bed gasifier. 
Figure 4 shows a modification of the apparatus 

120 of Figure 1. The arrangement again comprises a 
fixed bed gasifier UB mounted over a fluidised bed 
gasifier FB so that coal in the fixed, upper, bed is 
urged downvyardly by gravity through the grate 6 
and into the fluidised bed. In Figure 1, when the 

125 start-up period is over and the fluidised bed is in 
operation, the outlet 4 is closed. and remains 
closed. The 'off^gases' from the fluidised-bed then 
make their way through the grate 6 and the initial 
part of the fixed, bed to.an intermediate position at 

130 which the outlet ports 10 are situated. Some of the 
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gases are vented at outlets 11 and 13 and some 
volatile-rich gases proceed through the remainder 
of the fixed bed to the ges outlet 9 for recircula- 
tion. 

5 In the gasifier of Figure 4, the path of effluent 
gases from the fluidised bed separates, below the 
yrate 6, one diverted stream, takes a 'diversion 
path' through outlet 4 through valve 23 arid by 
way of ducts, not shown, to a re-entry position at 

10 port 16, after the position of the outlet ports 10. 
The normal start-up procedure is effected by 
opening valve 24 and closing valve 23, this situa- 
tion being reversed on running. 
The main stream of effluent gases from the flui- 

15 dised bed takes a 'main path' up through the grate 
6, through the initial part of the fixed bed US and 
(largely) out of the ports 10 as in Figure 1. 

The diverted stream passes through the upper 
section of the fixed bed UB and out of the outlet 9 

20 from where it may be recycled to the base of the 
fluidised bed (as in Figure 1) or it may be recycled 
as a secondary over (fluidised) bed stream in con- 
junction with secondary air. The mechanism of re- 
cycling and the position of re-entry port 16 in 

25 relation to outlet port 10 ensures that the pressure 
distribution within the fixed bed UB is such that 
the fluidised bed off-gas entering the fixed bed 
through grate G (the 'main stream') will exit almost 
entirely through port 10 as the main off-gas stream 

30 from the process. A small fraction will join the di- 
verted stream and exit through outlet 9. None of 
the diverted stream will exit at 10. In this way full 
use will be made of the hot gas stream from outlet 
4 in the drying and devolatilisation process in the 

35 upper part of the fixed bed UB, and char in this 

- stream will be removed by the filtering action of 
sticky devolatilising coal and may reduce the tend- 
ency of these particles to agglomerate. Volatile 
fluids will emerge in the stream at 9 and a filtered 

40 gas stream free of tars will emerge at port 10. The 
diversion of the diverted stream below the grate 
level reduces any requirement for alteration of 
cross-sectional area between beds. 
Figure 5 shows gasification apparatus incorpo- 

45 rating a fluidised bed gasifier FB and a fixed bed 
gasifier UB as before, but in this case the fixed bed 
is arranged not above the fluidised bed but along- 
side it in a kind of folded arrangement- Thus, the 
path from the fluidised bed to the fixed bed has an 

50 initial upward portion 25 and a following down- 
ward portion 27 which includes the fixed bed gasi- 
fier U8. 

In this case, the fixed bed UB is positioned in an 
inclined duct or container terminating at the top of 

55 the fluidised bed section. A ram 29 alternately re- 
tracts to admit large coal and advances to drive the 
bed upwards. The angle of slope is less than the 
angle of repose for the bed: in Other words, the 
angle of inclination of the slopefcontainer is such 

60 that, in conjunction with the nature of the fuel in - 
the bed in operation, (its size, form, adhesion etc.) 
the bed maintains its position in the container 
against gravity. 
In figure 5 the diverted stream, that in Figure 4 

65 exits from outlet 4, passes along an internal duct 



31 thus bypassing the initial part 27(a) of the fixed 
bed and opening into the bed at the re-entry point 
16. The diverted stream then passes through the 
latter part 27(b) of the fixed bed to the volatile gas 

70 outlet 9. The main stream passes through the ini- 
tial part 27(a) of the fixed bed and emerges at an 
intermediate position, as before, at port 10. As in 
Figure 4, this intermediate position of port 10 is ar- 
ranged before the re-entry of the diverted stream 

75 at point 16. 

A primary cyclone 33 is shown in the undiverted 
stream, from which fines are recycled (on path 34) 
via an ejector stream provided by a source 35. This 
unit may also, of course, be employed in the previ- 

80 ously described embodiments. The cleaned prod- 
uct gas is then produced by the cyclone separator 
33 at output 37. The diverted stream, containing 
volatiles and unfiltered fines, emerges at outlet 9 
and is recirculated to the fluidised bed via an eject- 

85 ing fluid stream from the source 35 (e.g. air, a 
combustor or engine exhaust gas, or steam) which 
is itself a gasifying agent Injection may be into the 
fluidised bed at the base, by way of path 39, or, as 
shown by path 41 in broken lines, overbed to pro- 

90 vide a higher temperature, higher velocity free- 
board zone. Small coal may be injected with 
fluidising air through a central spout in the base or 
overbed by gravity, or coal may be all fed as large 
coal to the inclined bed. This system has these'fur- 

95 ther advantages. 

(i) It solves any problems of coal flow in UB by 
providing positive feed. 

(ii) It allows a reduction in height in comparison 
to the previous configurations (or an increase in 

100 fluidised bed residence. time for the same height) 
and an increase in residence time in the fixed bed. 

(iii) It eliminates a mechanical grate. 

(iv) The inclined bed performs the function of 
coal elevation which in previous systems would re- 

105 quire to be performed by an ancillary mechanism. 

CLAIMS 

1. Gasification apparatus comprising a fixed 

110 bed gasifier arranged in the path of hot exhaust 
gases from a fluidised bed gasifier whereby solid 
fuel in the fixed bed gasifier acts as a filter for said 
gases and, on partial devolatilisation, fails into the 
fluidised bed gasifier to feed it 

115 2. Gasification apparatus according to Claim 1 
wherein said fixed bed gasifier is arranged above 
the fluidised bed gasifier so that fuel from the fixed 
bed gasifier is urged towards the fluidised bed 
gasifier by gravity. 

120 3. Gasification apparatus according to Claim 1, 
wherein the gas path from the fluidised bed gasi- 
fier to the fixed bed gasifier has an upward portion,, 
from the fluidised bed gasifier and a downward 
portion through the fixed bed gasifier, means 

125 being provided for driving solid fuel in the fixed 
bed gasifier upwards to a point at which it can fail 

into the fluidised bed gasifier. 

4. Qasification apparatus according to Claim 3 : 
wherein the fixed bed gasifier is contained within 

130 an inclined container, the angle of inclination of 
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the container being such, in conjunction with the 
nature of the fuel in the fixed bed gasifier in opera- 
tion, that the fuel in the fixed bed gasifier main- 
tains its position in said container against gravity. 
S 5. Gasification apparatus according to Claim 4, 
including a rain arranged to drive fuel in the fixed 
bed gasifier up the inclined container, and to re- 
tract and allow the admission of fresh fuel between 
the ram and the existing fixed bed fuel. 

10 6. Gasification apparatus according to any pre- 
ceding claim, wherein the fixed bed gasifier com- 
prises a main gas output at an intermediate 
position in the gas path and an output for volatile- 
rich gases at the end of the gas path. 

15 7. Gasification apparatus according to Claim 6. 
including means for recycling said volatile-rich 
gases to the fluidised bed gasifier. 

8. Gasification apparatus according to Claim 6 
or Claim 7, wherein the gas path from the fluidised 

20 bed gasifier separates into a main path through the 
initial part of the fixed bed gasifier to the gas out- 
put at said intermediate position in the fixed bed, 
and a diversion path around said initial part of the 
fixed bed gasifier to a re-entry position after said 

25 intermediate position. 

9. Gasification apparatus according to Claim 2, 
wherein the fixed bed gasifier incorporates a grate 
which in use supports a bed of solid fuel, the grate 
having apertures of controllable size. 

30 10. Gasification apparatus according to Claim 9, 
wherein said grate is adapted to feed fuel posi- 
tively through said apertures. 

11. Gasification apparatus according to Claim 
10 wherein said grate comprises a plurality of co- 

35 operating grate members, one or more of which 
grate members comprises at least two relatively in- 
clined grids, and is rotatable about an axis lying in 
the plane of the grate so as to position one or 
other of said grids substantially in the plane of the 

40 grate and to positively feed fuel by engagement of 
the grid lying our of the plane of the grate with the 
fuel. 

12. Gasification apparatus according to Claim 
II, wherein each said grid comprises two or more 

45 sets of spaced rods the rod spacings of said two or 
more sets being different so as to define different 
sized grate apertures according to which set lies in 
the plane of the grate. 

13. A gasification system incorporating appara- 
50 tus as claimed in any preceding Claim, a separator 

arranged to feed fuel of relatively coarse particle 
size to the fixed bed gasifier and to feed fuel of rel- 
atively fine particle size to the fluidised bed gasi- 
fier. 

55 14. A gasification system according to Claim 13, 
further comprising a reaction vessel arranged to 
devolatilise fuel and feed devolatilised fuel to said 
separator. 

15. A gasification system according to Claim 14, 
60 wherein said separator is a cyclone separator. 

16. Gasification apparatus substantially as her- 
einbefore described with reference to Figures 1 
and 2. 

17. Gasification apparatus substantially as her- 
65 einbefore described with reference to Figures 4 & 



18. Gasification apparatus substantially as her- 
einbefore described with reference to Figure 5. 

19. A gasification system substantially as her- 
70 einbefore described with reference to Figures 1, 2 

and 3. 



Primed in the UKforHMSO. 00013035. 2'BC. 7102. 

Published by The Patent Office. X Southampton Buildings, London. 

WC2A IAY*. from which copies may he obtained. 



8NS0OCI0: <<38 2i64«OA_l.» 

MPR-19-2002 88: 13 



+49 8161 933100 



32X 



MfiR-19-2002 08:14 +49 8161 930100 92* 



